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Introduction
In the process of supply chain coordination and optimization, a challenging problem is dealing with the existing uncertain factors (Ju & Chen, 2017; He et al., 2016a) . The uncertainty theory was established in the operational research field by introducing probability theory and fuzzy theory, which enables researchers to do the dynamic study of complexity and uncertainty in the supply chain through various methods (Chen & Jiang, 2015) . To choose the appropriate upstream and downstream partners is an important task in supply chain network optimization. Enterprise partner selection is a multi-attribute problem. It includes not only qualitative indicators but also quantitative indicators. Qualitative indicators are characterized by a lot of fuzziness, and quantitative indicators are subject to errors and incompleteness because of information asymmetry and dynamic operation.
programming method. Similar work was conducted by Rezaei et al. (2015) and Wu et al. (2014) . In addition, there were methods like the fuzzy multi-objective programming method in distributors selection (Yeh & Chuang, 2011) and fuzzy multi-objective integer programming in multiproduct supplier selection (Zhou & Mou, 2007) .
Another method named fuzzy multi-attribute decisionmaking can be applied to solve the supply chain partner selection problem. Ashayeri et al. (2012) introduced an intuitionistic fuzzy Choquet integral operator based approach to partners and configuration selection. In order to bring structure in the evaluation process, the supply chain operations reference (SCOR) model developed by Supply Research Council was employed. The paper discussed the development of the value chain concept from partners selection perspective, outlined general similarities and differences of the value chain and the SCOR, and used a simple V-form supply chain example to establish the proposed approach. Wang and Che (2007) developed an integrated model of supplier selection based on the fuzzy theory under the condition of manufacturers structure change. Chou and Chang (2008) built a decision support system for supplier selection by fuzzy multi-attribute sorting in the strategic alliance. Mikhailov (2002) applied the fuzzy analytic hierarchy process (FAHP) to partner selection in the process of forming virtual enterprises. Wang and Chen (2007) improved the method put forward by Mikhailov giving full consideration to the consistency of fuzzy preference relation in the fuzzy hierarchy analysis. Wu and Barnes (2016) presented a model for green partner selection and supply chain construction by combining analytic network process (ANP) and multi-objective programming (MOP) methodologies. The model offered a new way of solving the green partner selection and supply chain construction problem both effectively and efficiently, as it enabled decision-makers to simultaneously minimize the negative environmental impact of the supply chain whilst maximizing its business performance. Chang et al. (2006) introduced the fuzzy semantic operators into the supply chain partner selection, and also gave full consideration to the characteristics of different stages in the product life cycle. Others include virtual enterprise partner selection based on fuzzy group decision , supplier selection based on fuzzy semantic distance (Li & Xu, 2004) , fuzzy evaluation of virtual enterprise (Huang et al., 2008) , large-scale alliance partner selection based on genetic algorithm and fuzzy decision (Jiang et al., 2007) , supplier selection fuzzy decision method (Keshavarz et al., 2016) , supplier selection based on multi-objective fuzzy optimization model (Wu et al., 2010) , supplier partner selection based on AHP (Chen et al., 2010; He et al., 2016b) , green supplier selection fuzzy decision (Zhang & Mei, 2015) , etc.
At present, most research discuss the fuzzy uncertainty of supply chain and fuzzy optimization of single node enterprise. However, fuzzy uncertainty analysis and fuzzy optimization in supply chain network system are still in its infancy and there is few relatively complete systemic research papers. Based on the fuzzy theory and with the supply chain network under uncertain environment as the object, this paper focuses on studying the dynamic allocation problem in the supply chain partner selection under multi-attribute fuzzy comprehensive decisionmaking and fuzzy constraints. Meanwhile, it depends on different targets and value orientation of the dominant enterprises in the supply chain to choose different types of partners dynamically, after fully considering the added value of candidate partners in the supply chain and its competitive strength. All in all, the dynamic decision model of supply chain partner selection and task allocation based on fuzzy theory is shown in figure 1.
The rest is organized as follows: in section 2, the fuzzy multiple attribute decision-making method in supply chain partner selection is introduced. Subsequently, production task allocation technology oriented to supply chain network optimization is also presented in section 3. Section 4 uses a case of Shaoxing textile to verify the proposed method. Section 5 presents the conclusions and future work of the paper.
FU, AND CHEN
Fuzzy multiple attribute decision-making in supply chain partner selection
Rules of discrete information fuzzy semantic comprehensive decision-making and the confirmation of weight vector
OWA (Ordered weighted averaging) operator is a kind of operator between maximum and minimum. If
Generally, the amount of information is decided by the attribute importance of information and fuzzy semantic. For example, the vast information is accepted if properties are important, and if properties are general then the information is accepted as much as possible. The fuzzy semantics such as 'vast' and 'as much as possible' essentially reflect the weight vector of fuzzy semantic decision, which are determined by the following formula.
Due to the monotonicity of fuzzy semantic operator,
Where the function Q satisfies: Weight vector is determined by the function Q(r), which presents the membership degree of r belongs to Q, that is the degree that r is in accordance with Q. The value of Q(r) is determined by different fuzzy semantic operator and the common fuzzy semantic operators are including the vast majority, at least half and as much as possible.
In order to evaluate the decision condition of decisionmakers under fuzzy semantic, the measures of the orness and entropy of the corresponding weight vector are as follows:
The former indicates the optimistic or pessimistic degree of the decision maker, and the latter calculates the weight sequence information. The weight vector of property aggregation guided by fuzzy semantic is between the range 'and' and 'or'. However, the real weight is a random variable under unknown circumstances and is uncertain.
It only constrains to
the weight vector of each attribute in multiple attribute decision-making, one important objective is to minimize as much as possible the uncertainty of each attribute weight coefficient. With known value of orness, Filev and Yager (1995) put forward a method to calculate the weight vector of OWA operator when entropy value is maximal, by solving the maximum entropy constrained nonlinear programming problem. Its solving steps can be summarized simply as: obtain the weight vector by Equations (1) and (2), calculate orness(ω)by Equation (4), get the value of h by Equation (6), and finally calculate the value of ω* by Equation (7).
Multi-attributes classification and OWA operator fuzzy semantic matching under supply chain strategy
Supply chain partner selection is a multi-indicator and multi-attribute decision making process, and due to the different emphasis on selection, the importance of multiattribute that comes up by the decision-making group which is appointed by the superior enterprises is different. That is, some attributes are dominant, while some are less important. The decision-making process can be roughly divided into three categories according to its importance: important attributes, secondary attributes and general properties.
In the actual decision-making process, the decision maker determines the amount of factors or attributes when selecting through the various fuzzy semantics of OWA operator. It will be found that it is impossible to meet the requirements of all factors or properties. The more the factors considered, the more pessimistic the result, the lower the satisfaction degree. Thus, trade-offs between the importance of information and the breadth of making full use of information should be made, so as to ensure an effective choice. According to three fuzzy semantic in this paper, at least half, the vast majority, as much as possible, it can be seen that with the enlargement of the consideration, the value decreases in turn. According to the classification of attribute importance and from the point of improving choice satisfaction degree, we match important attributes with at least half, secondary attributes with the vast majority, and general properties with as much as possible. Figure 2 shows the fuzzy multiple attribute decision-making.
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Calculation of supply chain partner correlation
The enterprises should have cooperation intention and mutual trust with each other at the beginning of building a partner. Now, the partner correlation is introduced in the paper, that is, after putting forward partner selection multiattribute by expert group, by discussing with upstream and downstream enterprises, and doing the respective evaluation according to the multi-attribute. Then the expert group calculated the collected data by fuzzy OWA operator, and formed optimal evaluation of the required enterprise to make a decision. Finally, they integrated the optimal evaluation by multiplying as the basis of building partnership.
Let i(i=1,2,…,I) and j(j=1,2,…,J) be respectively enterprises in supply chain upstream and downstream adjacent levels of n and n+1. Then, i is supplier and j is manufacturer. Obviously, manufacturers choosing i is a supply behavior selection, and suppliers selecting j is a demand behavior selection. Each of them makes a fuzzy comprehensive decision of object choice based on the multi-attribute rule. E n i ( )←n+1 j ( ) presents the optimal degree for i relative
( ) presents the optimal degree for j relative to i. Building partnership is a process of mutual recognition between enterprises, so the definition of partner correlation is as follows:
Take upstream node enterprises as a benchmark to do normalization processing to the value in Equation (8) so as to carry out the compared selection.
Steps of supply chain partner selection
All in all, the process of decision-making in partner selection is as follows:
Step 1: According to the product type, production tasks and supply chain strategy, the decision-making expert group, which is entrusted or specified by dominant enterprises comes up with properties for the selection and evaluation of enterprise partner. Large properties can be divided into smaller ones that can be implemented specifically. Construct a comprehensive and detailed evaluation attribute system in accordance with the AHP model.
Step 2: Using interactive way and based on the evaluation index system, the decision maker can fully consult candidates, and acquire, respectively, the attribute Then based on the collected information, the AHP evaluation multi-attribute system can be revised and consummated further.
Step 3: Adjust and standardize the quantum and qualitative information of attribute. Before adjusting the qualitative attribute information, it should be transferred into corresponding fuzzy numbers according to fuzzy semantics.
Step 4: According to the number of vector of attribute in multiple attribute system, calculate the weight of each vector in the condition of maximum entropy to three kinds of fuzzy semantics: at least half, the vast majority, as much as possible.
Step 5: Depending on the type of products, production stage and supply chain strategy, classify the properties according to their importance in AHP. That is to say, make sure which are the key attributes, which are the important attributes, and which are the general attributes. Then match key attributes with at least half, important attributes with vast majority, general attributes with as much as possible. Gather the information of child attributes and get the value information of each attribute. Next, gather the information according to the semantic-most experts agree, get optimal partnership selection.
Step 6: Integrate the optimal partnership by multiplying to the candidates of adjacent level, and then get the partnership correlation of each two candidates. Next, normalize the partnership correlation of adjacent level. Finally, the numerical value presents the selection priority of partnership.
The steps are shown in figure 3 . 
Production task allocation oriented to supply chain network optimization
Partnership correlation reflects the willingness of two connected enterprise. The greater the correlation value is, the closer strategic cooperation between the relevant enterprises. When allocating the pre-allocated tasks in supply chain, fully considering partnership correlation concentrates the strategic partnership built in supply chain network and important enterprises. According to the nature of production task and the total amount, superior enterprises can consider pre-allocated task of supply chain network from three kinds of situation. Assume that the total amount of the product market demand during a certain period is Q, the material transformation relations in supply chain between the layers is 1.
1) If the value of Q is very large, the corresponding task capacity of node enterprise in each level of supply chain will also be very big. At this time, each enterprise's production capacity constraints must be considered. If these constraint parameters are fuzzy, we can use the integer programming equations with fuzzy constraint, and take the partnership correlation as the weight of task allocation.
Where Equation (11) is the capacity constraint. Equation (12) is the logistic constraint. Equation (13) is a demand constraint. Equation (14) is a nonnegative constraint.
2) If the value of Q is not very large, generally, the corresponding task capacity of node enterprise in each level of supply chain will not be very big. At this time, the enterprise's capacity constraints are not necessary to be considered. Similarly, in accordance with the rules of strategic partnership and important enterprises, and being simple, the partnership correlation can be used as weight to allocate task.
3) When the value of Q is not very large, but the task is very important, such as "should be done on time", "should not make any mistake" and so on, then the absolutely reliable node enterprise must be considered. Therefore, before allocating tasks, the superior enterprises can set a limit value W to partnership correlation. If the value is larger than W then we can assign the task to node enterprises, else not. Obviously, the supply chain network based on the task allocation doesn't include those enterprises that are not considered. When allocating the following tasks, we still take partnership correlation as the weight of task allocation. But some node enterprises are deleted, so the original partnership correlation should be normalized.
Where the value of α is met that α = 0, when E 1 n(i)⇔n+1( j ) ≺W , then the tasks are allocated by the following formula:
Case study
Take sports apparel production and processing as an example, its complete industrial chain involved polyester, chemical fiber, weaving, dyeing and finishing, garment design processing, and sales. Assume the supply chain network topology is five layers, then {N 1 −N 2 −N 3 −N 4 −N 5 } respectively presents one fiber factory in the first layer, (E 1,1 ), three manufactures in the second layer, (E 2,1 , E 2,2 , E 2,3 ), three dyeing and finishing plants in the third layer, (E 3,1 , E 3,2 , E 3,3 ), four garment design processing plants in the forth layer, (E 4,1 , E 4,2 , E 4,3 , E 4,4 ), and three sales companies in the fifth layer, (E 5,1 , E 5,2 , E 5,3 ). The supply chain strategies select green production, which means low pollution and low noise, as well as cost control.
For any node enterprises in supply chain network topology, the indicators of the selection of upstream and downstream enterprises are different. According to the step one, mentioned above, combined with AHP hierarchy decomposition, the indicators are given in table 1 and 2. Based on this, each enterprise can respectively evaluate their upstream and downstream partners. Table 3 and 4 show the evaluation information for node enterprise E 3,1 regarding its upstream partners E 2,1 , E 2,2 , E 2,3 and downstream partners E 4,1 , E 4,2 , E 4,3 , E 4,4 . s 0 -s 6 are fuzzy semantic codes. According to the supply chain strategy, determine the importance of the evaluation criteria, as shown in table 5. We gathered the number of individual principles and whole principles by OWA operator through maximum entropy weight vector, and the results are summarized in Table 5 . The last column numbers in Table 5 . Traversing all the nodes enterprises, we can get the priority values of any node enterprises choosing upstream and downstream partners and partnership correlation between adjacent levels in supply chain, as shown in Table 6 . According to what is presented in this paper, we can build or optimize the corresponding supply chain network from the actual three different situations. First, ignore the overall production requirements of the supply chain. The production capacity of each node enterprise is very large which is no constraint. In order to control the size of the supply chain alliance, dominant enterprises can set up a threshold value of partnership correlation, such as 0,25, and then get the supply chain network as shown in Figure 4 .
Secondly, consider the overall production requirements of the supply chain. For example, the customer requirements are 7 million sets of dresses. The production capacity of each node enterprise is very large that is no constraint. Assume that each set consumes 1,5 meters of fabric, and the average weight of chemical fiber fabric is 9 kg/100 m. Ignore the middle material loss, thus processing and distribution of all the dresses will consume10,5 million meters of fabric and 945 tons of chemical fiber filament. The production task of each node enterprise can be distributed by proportion according to the partnership correlation. The specific data is shown in Figure 4 , and the mark beside arrow.
Thirdly, consider the overall production requirements of the supply chain, the same as above. There is constraint to the production capacity of each node enterprise, and the specific data are marked below the node enterprise. This time, to fully consider the partnership correlation, the supply chain network can be built by solving the Equation (11) and Equation (18) through Lingo 8.0 software. The result is shown in Figure 5 . 
Conclusions
This paper analyzed the dynamic partner selection and task allocation based on fuzzy theory under an uncertain environment and presented a corresponding decision model based on fuzzy theory. Due to the multiple attribute evaluation and decision-making in supply chain partners, fuzzy sets were used to describe the fuzzy uncertainty of qualitative and quantitative parameters in multi-attribute. Different dimension parameters were standardized. Based on this, this paper focused on studying fuzzy multiple attribute numerical rally and fuzzy comprehensive decision with supply chain strategy oriented, introduced and expanded by ordered weighted average OWA fuzzy operator which integrated the discrete data information, matched supply chain strategy, attributed importance classification and fuzzy semantic reasoning decision to determine the weight of OWA operator. By gathering the discrete numerical rally with OWA operator, the result could reflect the wishes and preferences of decisionmakers. Based on this, the mutual dynamic evaluation in the process of supply chain partner selection was carried out, and then it was seen as the partner correlation. In addition, the dynamic optimal method of supply chain network with task allocation oriented was also discussed. Finally, the effectiveness of the method proposed in this paper was verified through a given simulation example.
